Autism is now widely accepted as being a developmental neurobiologic disorder of polygenetic origin. The cause of autism is viewed as a cascade of events occurring across genetic, developmental neurobiologic, neural, cognitive and neurologic, and behavioral levels. One of the challenges is to connect findings at one level with those at the next level, which the studies to be described begin to accomplish.
1
Until recently, neurobiologic research in autism focused exclusively on identifying its cognitive and neural basis. For two decades, this research was based on the premise that there was a single underlying cognitive deficit and studies were designed to examine a single cognitive domain. By the mid-1990s, it was apparent from this research that there were multiple cognitive deficits and that these involved information processing rather than information acquisition. A few studies then examined the profile of neuropsychologic functioning in autism. The underlying neurologic principle of these studies was that brain dysfunction results in a constellation of signs and symptoms and the pattern or common denominator of this constellation provides a major clue to the brain region(s) responsible in addition to explaining why the constellation of symptoms occurs as a syndrome. The largest and most comprehensive such study administered a comprehensive battery covering the major cognitive domains to 33 individually matched pairs of autistic subjects and normal control volunteers.
2 Discriminant function analyses were performed domain by domain. No significant group differences were found in attention, sensory perception, elementary motor movements, memory for simple information, the rule learning aspects of abstract reasoning or visuospatial abilities; formal language was significantly better in the autism group than the control group. Deficits were found in complex motor movements, memory for complex material, the interpretative aspects of language, and concept formation. The most obvious implications of these findings were that information acquisition was intact and the visuospatial system was spared. Both intact and deficient abilities were present in the motor, memory, Correspondence: N Minshew, University of Pittsburgh School of Medicine, 3811 O'Hara Street, Bellefield Suite, 430 Bellefield Towers, Pittsburgh, PA 15213, USA. E-mail: minshewnj@msx.upmc.edu language and abstract reasoning domains. Within each of these domains, the deficits selectively involved the highest order abilities, while more basic abilities were spared or enhanced. The common denominator of the deficits was that they involved functions within each domain that had the highest information processing demands. Even though any language ability could be viewed as more complex than any motor ability, complex information processing was defined within each domain separately, respecting the organization of the brain into separate neural systems. High demands on information processing in general and complex information processing in particular provided an explanation for the constellation and predominance of deficits in social, language, and reasoning abilities. The motor impairment identified in this study has since been found to be a universal part of this syndrome.
The extension of this construct to low functioning autistic individuals is simple, if viewed from an information processing perspective. The mental retardation seen in 70% of autistic individuals is the predicted outcome of progressive loss of information processing capacity.* The mental retardation in autism retains the qualitative features of cognition seen in the nonretarded individuals with autism in the profile study, ie, higher order skills are disproportionately affected. As Rutter commented, as IQ declines in autism, social, language, and abstract reasoning abilities drop precipitously.
The conceptualization of autism as a selective disorder of complex information processing identifies a common denominator of all the cognitive and neurologic manifestations of this syndrome, thus unifying the syndrome at a clinical level. Since these higher order abilities are subserved by distributed neural systems, this construct suggests that the neural basis of autism is in the underdevelopment of connectivity within and between neural systems. The presence of the same pattern in the motor domain as in the cognitive domains suggests that there is a common architectural feature used by the brain to deal with complex information processing demands and it is abnormal in autism. Alternatively, one could hypothesize that the organizing anatomic unit is neural systems but then an * The co-occurrence of mental retardation and autism far exceeds chance association of two low incidence disorders and studies have shown that mental retardation in families with an autistic member is always associated with autism and does not occur independently.
explanation would need to be provided for why abnormalities in these neural systems are traveling together as a neural system.
The neural basis of the cognitive deficits in autism has been investigated with saccadic eye movements. The major advantage of these paradigms is that localization has been confirmed by single cell recordings in non-human primates, human functional imaging studies, and clinical studies of behavioral deficits following stroke. A study of volitional (pre-frontally controlled) and reflexive (posterior fossa and basic oculomotor circuitry in forebrain and cortex) saccades was completed in the same subjects who participated in the profile study described above.
3 No abnormalities were found in reflexive saccades but autistic subjects had difficulty in both volitional saccade tasks manifested by a reduced capacity for suppressing context inappropriate responses and impaired spatial working memory. The increase in response suppression failures reflects an impaired capacity by prefrontal cortex for suppressing context inappropriate reflexive or 'pre-potent' responses. The reduced capacity for maintaining spatial location information in working memory over brief periods of time to guide behavior is the result of abnormalities in higher order cortical systems that include prefrontal and parietal systems. As with neuropsychologic functioning, the abnormalities involved the most advanced circuitry while sparing basic circuitry. In follow-up, a 3 T fMRI study of the spatial working memory task was completed which revealed higher levels of activation in the frontal eye fields and parietal lobule than in controls and lower levels of activations in dorsolateral prefrontal cortex, supplementary motor area, and cingulate cortex. 4 These findings indicated that while autistic subjects were accessing the basic brain circuitry subserving oculomotor function, they were relying on regions known to underlie basic sensoriMolecular Psychiatry motor function and spatial transformations to perform higher order tasks, whereas normal individuals were relying on areas known to subserve higher order abilities. These results provided direct confirmation that prefrontal circuitry is not being brought on-line, suggesting that neural systems in autism have not developed to the extent they incorporate these structures.
In summary, these three studies have provided evidence that autism is a disorder of information processing in general, and complex information processing in particular. They further demonstrated that these cognitive deficits are the result of dysfunction of neocortical systems and of the under incorporation of higher brain regions into these neural systems.
